Hepatitis E virus (HEV) infection is
INTRODUCTION
Hepatitis E is responsible for large epidemics of acute hepatitis in the human population in many developing countries. Hepatitis E Virus (HEV) is transmitted by the faecal-oral route, often causing water-born epidemics. HEV the causative agent of hepatitis E, is a positive single-stranded RNA virus without an envelope with a diameter from 27 to 38 nm (Reyes, 1997) . The genome, which is about 7.25 kb in size, contains three partially overlapping open reading frames (ORF's) and a short 5' and 3' noncoding region (Tam et al., 1991) . HEV, on the basis of comparative phylogenetic analysis, was recently reclassified as the sole member of the family Hepeviridae of the genus Hepevirus, which is related to caliciviruses (Emmerson et al., 2004) .
In developed countries clinical cases of hepatitis E are rare and most often have been associated with visits to endemic areas. However, sporadic cases of acute hepatitis E have also been reported in individuals, with not any known epidemiological risk factors, in countries such as USA, the Netherlands, Germany and New Zealand (Worm et al., 1998; Preiss et al., 2006) . Lately, novel strains of HEV have been isolated in USA and Europe from patients without a history of visiting regions endemic for HEV, considering that these new strains must be of indigenous origin. Serological studies in industrialized countries have shown that the prevalence of anti-HEV antibodies in humans is quite high (up to 21%) (Drobeniuc et al., 2001; Meng et al., 2002) .
The cause of this relative high prevalence is not fully clarified yet. However, there is evidence that the virus may be a zoonotic agent. Interspecies transmission of HEV has been already demonstrated after the experimental infection of non-human primates by swine HEV strain and vice versa (Meng et al., 1998) . The comparison between human and swine strains originated from the same country, even in non-endemic regions, revealed a high degree of homology in the nucleotide sequence (Meng et al., 1997; Schlauder et al., 1998; Schlauder et al., 1999; Zanetti et al., 1999) . Consequently, there is the implication of a possible transmission of the virus from pigs to humans assuming that hepatitis E might be a potential zoonosis.
The existence of anti-HEV antibodies in the swine population has been reported in various countries van der Poel et al., 2001 ). Referring to the European swine population, during the last 5 years, HEV has been detected in Spain, the UK, the Netherlands and in Italy. The aim of the present study was to investigate the presence of anti-HEV antibodies in northern Greek swine farms.
MATERIALS AND METHODS

Swine serum samples
A total of 96 blood serum samples were collected from apparently healthy market-age pigs (5-6 months of age) from four slaughterhouses. The study was performed during February and March 2002. The sampled pigs were derived from 10 different swine farrowing to finishing farms located in Northern Greece. All blood samples included in this study were centrifuged (3 000 g per min) and the serum was harvested and stored at -20 o C (for 10 days) until assayed.
Method of anti-HEV antibodies detection
The assessment of anti-HEV IgG in serum was performed with the use of a commercially available Western blot method (recomBlot HEV, Mikrogen GmbH, Munich, Germany), a qualitative in vitro test which is based on electrophoresis in order to separate antigens. Thus, it allows a secure detection of special antibodies against specific HEV peptides and it is characterized by a great sensitivity and especially a great specificity.
Instead of HRP-conjugated human IgG antibodies a HRP-conjucated swine antibody (Sigma Corporation) was used in dilution of 1:1000. In this blood antibodies four recombinant HEV-proteins were used: the ORF 2 N-terminal peptide, 5220-5820 nucleotide, the ORF 2 M peptide, 5804-6390 nucleotide, the ORF 2 C peptide, 6350-7130 nucleotide and the ORF 3 peptide, 5100-7130 nucleotide. These four peptides derived from a completely sequenced HEV strain of genotype 1 (Mandras/India HEV strain genome/Gen Bank accession number: X 99441) (Froesner et al., 1999) .
The purified, recombinant antigens were separated according to their molecular weight by SDS polyacrylamide gel electrophoresis. Thereafter, the HEV peptides were transferred electrophoretically to strips of nitrocellulose membrane (western blotting). In order to detect the anti-HEV IgG, these strips were incubated with the diluted serum samples for 2 hours. After washing the strips with the recomBlot ready-to-use buffer and adding of peroxidase conjucated anti-HEV IgG, a second incubation period of 1 hour followed. Lastly, the strips were washed again with the buffer. After the addition of a ready-to-use substrate solution to each one and incubation for 10-15 minutes the strips were washed with deionized water and evaluated.
The evaluation of the intensity of the reaction bands was accomplished with the aid of Table 1 , according to the manufacturer's instructions (Mikrogen GmbH, Munich, Germany). The sum of points for each test strip was calculated in order to determine the positive samples. Thus, the samples with two or more bands presented (sum of points ³4) in the test strip characterised as anti-HEV IgG positive. Correspondingly, the samples with the sum of 3 points defined as equivocal and those with points 0-2 as negative. Data were subjected to descriptive analysis using the SAS Statistical Package ("The SAS® System", release 8.1 for WINDOWS -2002/ SAS Institute Inc., Cary, NC 27513, USA).
RESULTS AND DISCUSSION
In cases where anti-HEV IgG were present, immunocomplexes were formulated, and presented in the strips after implementation of the immunoenzyme reaction. The evaluation of the test trips was performed regarding to the appearance or not of bands at the corresponding positions above the control bands of the test strip.
Healthy pigs aged 5-6 months from Northern Greece, deriving from 10 different herds, were tested for the prevalence of anti-HEV IgG. All ten herds were positive for anti-HEV IgG (the percentage of positive anti-HEV IgG samples in tested farms ranged between 67 to 90%). From the total of 96 serum samples collected, 76 (80%) were found to be positive.
Moreover, it was revealed that in 84% of the positive samples one of the bands corresponded in peptide ORF2N, 97% in peptide ORF2C, 63% in peptide ORF2M and 13% serum samples in peptide ORF 3 ( Table 2 ). Anti-HEV antibodies have been detected in animals such as cows, goats, sheep, rodents, dogs and Rhesus macaques in endemic regions. As a consequence, it has been considerated that animals could be a reservoir of the virus. Recent studies from all over the world encourage this hypothesis (Favorov et al., 1998; Maneerat et al., 1996) .
Already from 1990 Balayan et al. ascertained that pigs can be infected by human HEV strains. In Nepal, an endemic region, anti-HEV antibodies were detected in 30% of the swine population. Further studies refer high rates of anti-HEV IgG in pigs all over the world thus HEV is widespread in the swine population Chandler et al., 1999; Wu et al., 2002) . These data corroborate the thesis that HEV is enzootic in swine independently from its presence in humans.
After challenge exposure of pigs with HEV, viral RNA was detected in faecal samples for 2-6 weeks and in serum samples for 4-6 weeks. The transmission of HEV through the faecal-oral route makes possible human infection from pigs. The significant genetic similarity of the genome between swine and human HEV strains in the same geographic regions and the aspect that there might be a potential cross reaction between these strains, supports the hypothesis that pigs likely constitute a "depository" for HEV. As a consequence, pigs could be a source of human infection with HEV.
Anti-HEV rarely detected in pigs aged less than 3 months of age anti-HEV. On the contrary anti-HEV have been detected in almost 85% of pigs older than 5 months of age. Antibodies against HEV have been found in pigs which were originally negative in hepatitis E infection, after their close contact with seropositive pigs. The virus' RNA has been also found in faeces of animals that were previously challenged to exposure to the virus strain derived from animals suffering from natural infection. Likewise, anti-HEV in serum and RNA of SwUS-HEV in faeces have been found in pigs inoculated with the SwUS HEV strain, while histological examination of liver samples revealed the existence of hepatitis lesions. Additionally, the virus' RNA has also been detected in slaughterhouses' manure (Pina et al., 2000; Kasorndorbua et al., 2002) .
The existence of HEV in Greece remained unclear until now. Thus, the purpose of the present study was to detect the presence of anti-HEV antibodies in blood serum samples of clinically healthy pigs. The assessment of anti-HEV IgG in serum was performed with the use of a commercially available Western blot method (recomb HEV, Mikrogen GmbH, Munich, Germany). The method proved very successful and showed that the epitope of human strains can be identified from swine anti-HEV antibodies also, a fact indicating the possibility of the existence of a cross reaction.
For the first time, the results of the present study showed, a very high prevalence of anti-HEV IgG in healthy pigs (80%) of the targeted aged group (5-6 months of age), a result congruent to those of previous studies in other countries. Thereby, it could be thought that the virus is widespread, at least in the Northern Greek, swine population. Moreover, a low rate of anti-HEV antibodies against ORF3 peptide in pigs aged 5-6 months was revealed. It should be noted that the ORF3 peptide has been postulated to be a viral regulatory protein involved in the modulation of cell signalling. The ORF3 protein of HEV appears to be the first example of tyrosine kinase homology 3 domain-blinding protein encoded by a virus that causes an acute infection and self-limited infection (Korkaya et al., 2001 ). ORF3 could be accounted as an indicator of a recent infection, rarely detected in older infections. Consequently, it seems that the HEV infection is relented in older pigs and that after the age of 5-6 months pigs are less hazardous for human infection.
Apart from the assumption that hepatitis E could be a zoonosis that can be transmitted from pigs to humans and has relative consequences for public health, the possibility of being a xenoanthropozoonosos must be put also into consideration. At the xenotransplantation procedure organs derived mainly from swine, because of their small size, which approximates that of human organs. Additionally pig production is relatively simple, with high expectation of life. However, individuals are under immunosuppresion during the transplantation procedure, so there are propitious circumstances for the occurrence of hepatitis E, if the transplanted organ of swine origin is contaminated by the virus. The fact that anti-HEV antibodies against ORF3 peptide is found in low rates in pigs aged 5-6 months should be under consideration in these cases.
